The purpose of this study was to identify risk factors for pneumonia diagnosed in the community by general practitioners, using a case control study in 29 general practices in Nottingham, U.K. Patients with radiographically con®rmed pneumonia were compared with adults randomly selected from electoral registers corresponding to the catchment areas of the general practices taking part in the study.
Introduction
Pneumonia, which was personi®ed as the`captain of the men of death' by Osler at the turn of the century (1), has remained a major cause of death worldwide, accounting for more than ®ve million deaths per year (2) . In developed countries, case fatality and crude mortality rates declined dramatically during the middle of this century with the dawn of the antimicrobial era. Nevertheless, pneumonia coupled with in¯uenza remains the sixth leading cause of death overall and the ®fth leading cause of death for those above 65 years of age in the United States, where it kills more than 60 000 persons per year (3) . In 1979, the U.S. Surgeon General declared a national commitment to reduce the rate of premature death due to pneumonia and in¯uenza in adults (4) . Despite this commitment, the rate of death due to pneumonia in the U.S. increased among adults above 65 years of age from 1979 to 1986, while the rate of death from all other causes in this age group fell during the same period (5) . More than 54 000 deaths are attributed to pneumonia annually in England and Wales, where diseases of the respiratory system are the third leading cause of death, with pneumonia accounting for 61% of these deaths (6, 7) . The overall incidence of pneumonia reported in dierent studies in developed countries has ranged from 12±15 per 1000 persons per year with no appreciable change in the last several decades (8±11).
Knowledge of risk factors for a disease is necessary before eective strategies for primary prevention can be devised. Men have had a higher incidence of pneumonia than women in most studies, but the reason for this has never been clearly determined in an epidemiological study (1, 4, 9±26) . Most studies that have investigated risk factors for community-acquired pneumonia have included only cases severe enough to be admitted to hospital (4, 12, 13, 26, 27) . Such studies exclude the majority of pneumonia cases which are not admitted to hospital and may reveal a combination of risk factors, some for pneumonia and others for hospital admission. Nevertheless, one study, which evaluated risk factors for all cases of pneumonia diagnosed in a small town in Finland, found that ®ve of the six risk factors for pneumonia treated at home were also risk factors for more severe cases of pneumonia requiring hospitalization (16) .
The public health burden of pneumonia is expected to increase during the next decade as the mean age of the population in developed countries is predicted to increase. The development of preventive measures must rely on epidemiological studies to identify risk factors that are amenable to intervention. We report the results of a case±control study of risk factors for pneumonia diagnosed in the community by general practitioners in England.
Materials and methods

SELECTION OF CASES
Cases consisted of patients between 15 and 79 years of age who were diagnosed as having acute, community-acquired pneumonia in a prospective study by 29 general practitioners in the city of Nottingham between 1 October, 1984 and 30 September, 1985 (28) . Pneumonia was de®ned as an acute lower respiratory tract infection for which an antibiotic was prescribed associated with new focal signs on chest examination and new radiographic pulmonary shadowing. Review of preliminary data suggested that 200 cases of pneumonia could be diagnosed during the study period.
SELECTION OF CONTROLS
The electoral wards corresponding to the catchment areas of the general practices taking part in the study were identi®ed. A random sample of 661 persons was selected from the electoral registers for these wards with the aim of identifying at least three satisfactory controls for each case. Responses from persons who stated that they had previously had pneumonia as an adult or who were not between the ages of 15 and 79 during the period of the study were excluded.
THE QUESTIONNAIRE
A Respiratory Health Survey questionnaire, developed for this study, recorded demographic data and elicited information about regular contact with children, the number of people living in the home, the number of rooms and bedrooms in the home, type and amount of domestic heating used in winter, type of cooking fuel, exposures to animals and birds, occupation, history of occupational dust exposure, history of tobacco smoke exposure, alcohol consumption, history of pneumonia, tuberculosis, chest injury, chronic illnesses and symptoms of chronic illnesses, hospital admission within 5 years, immunization with in¯uenza vaccine and current medications. Questions on respiratory symptoms were taken from the MRC chronic respiratory disease questionnaire (29) . The questionnaire was piloted on adults working at the Communicable Disease Surveillance Centre in London and their adult family members. The questionnaire and study protocol were approved by the Ethical Committee of the Nottingham Health Authority.
PROTOCOL FOR MAILING QUESTIONNAIRES
Questionnaires were sent to all cases and controls between March 1985 and June 1985 with an explanatory letter inviting their participation. The letters emphasized the public health importance of pneumonia and the need for a better understanding of risk factors for this condition without discussing any particular risk factor. Non-respondents were sent a second questionnaire and letter one month later, and if this elicited no response within a month, a third was mailed. Questionnaires returned by the post oce marked`gone away' without a forwarding address were abandoned. Questionnaires with unanswered questions were returned with a request for the missing information.
DATA MANAGEMENT AND STATISTICAL METHODS
Forms were checked and coded before computer entry, and entries were veri®ed by a dierent computer operator. Occupation was used to code social class using the U.K. Registrar General's Occupational Class Groups (30) . The strength of univariate relationships between cases and controls and categorical variables was assessed using w 2 or Fisher's exact test. Quantitative variables, which were not normally distributed were analyzed using non-parametric methods. The planned sample size (200 cases and 600 controls) was selected to provide high statistical power to detect dierences as small as 10% in the prevalence of risk factors (e.g., 99% power for detecting with an alpha value of 0Á05, a signi®cant dierence between a 12% prevalence among cases and a 2% prevalence among controls). A stepwise, multiple logistic regression was used for multivariate analysis of the variables which showed statistical signi®cance (P 0Á05) in univariate analysis. The analyses were conducted using SAS on a VAX computer (31) . Measurement of the odds ratio from the logistic regression analysis was performed as described by Fleiss et al. (32) .
Results
RESPONSE RATE
Questionnaires were mailed to the ®rst 200 individuals diagnosed as having pneumonia by the general practitioners and to 661 controls in the Nottingham area. Usable responses were received from 173 (86Á5%) of the 200 patients diagnosed as having pneumonia and from 506 (76Á5%) of the 661 potential controls. A majority of the patients initially diagnosed by the general practitioners as having pneumonia were excluded because of normal chest radiographs (Table 1) . Of those responding, 66 cases and 489 controls satis®ed criteria for inclusion in the analysis.
DEMOGRAPHICS
The mean age of cases (54 years) was a decade older than for controls (P = 0Á001). The proportion of cases who were 
EXPOSURES
Cases were somewhat more likely to record a history of a dusty occupation than were controls (40% vs. 28%, P=0Á071), but there was no more contact with children, gas stoves, gas heating, birds, or other animals among cases ( Table 2) .
UNDERLYING ILLNESSES
The only diseases which were signi®cantly more frequent among cases were chronic obstructive pulmonary disease (COPD) and congestive heart failure ( Table 3) .
ALCOHOL HISTORY
There was no signi®cant dierence between the rates of current or lifetime alcohol consumption for cases and controls.
SMOKING HISTORY
Cases and controls were equally likely to be current smokers but cases were signi®cantly more likely to be exsmokers (Table 4) . Lifetime consumption of cigarettes (computed as the product of the number of cigarettes smoked per day currently or 1 year before, whichever was greater, and the number of years smoked) was signi®cantly greater for cases than for controls (P = 0Á03). There were trends toward higher numbers of cigarettes smoked by cases than by controls in each age stratum when the two groups were strati®ed by age. The reported rates of passive smoke exposure were similar for cases and controls (Table 4) .
MULTIVARIATE ANALYSIS
Each variable showing signi®cance in univariate analysis was then analysed in a stepwise, multiple logistic regression. Only age (adjusted odds ratio = 2Á69 [for 30-year increment], 95% CI 1Á66±4Á35) and chronic obstructive pulmonary disease (adjusted odds ratio = 1Á99, 95% CI = 1Á15 ± 3Á45) were found to be independent risk factors in this multivariate analysis (Table 5) . 
Discussion
Most previous controlled studies of risk factors for community-acquired pneumonia have dealt only with patients admitted to hospital, probably because most investigators are hospital-based and patients admitted to hospital have more severe disease. However, since most patients with pneumonia are treated as outpatients, the majority of cases of community-acquired pneumonia are excluded from such studies (16, 28, 33) . Published case series have identi®ed chronic obstructive pulmonary disease and age as possible risk factors for pneumonia among patients with disease severe enough to warrant hospital admission (11, 14, 15 ,17±25,34±38) Four epidemiological studies have con®rmed that chronic obstructive pulmonary disease was associated with cases of pneumonia admitted to hospital (5, 12, 16, 26) . One of these studies found that chronic obstructive lung disease was also a signi®cant risk factor for pneumonia cases not admitted to hospital (RR=3Á0. 95%CI 2Á3±3Á9) (16); other signi®cant risk factors included alcoholism, asthma, immunosuppressive therapy, heart disease (type unspeci®ed) and age. Two of these epidemiological studies demonstrated that cigarette smoking was an independent risk factor after accounting for chronic obstructive pulmonary disease and age (5, 26) . Another controlled study of patients with pneumococcal infections, a majority of which were pneumonias, also found a signi®cant excess of smoking in cases as compared with controls (13) . The present study found that patients with pneumonia diagnosed by general practitioners in the community were signi®cantly older and had a higher frequency of chronic obstructive pulmonary disease than randomly selected controls from the same communities. These data suggest that the milder cases of pneumonia diagnosed in the community, which generally do not result in hospital admission, share an epidemiology similar to that of the more severe cases which require admission. The study of pneumonia epidemiology conducted in Finland also found that risk factors were similar for cases of communityacquired pneumonia whether or not they were admitted to the hospital. The only discrepancy in that study for pneumonia cases admitted and those not admitted to hospital was the ®nding that alcoholism was a signi®cant risk factor only for cases not admitted to the hospital (16) .
Patients with pneumonia in the present study were signi®cantly more likely to have congestive heart failure than control subjects con®rming an association with heart disease noted by Koivula et al. an association with heart failure in a study of pneumococcal infections, 92% of which were pneumonias (13) . Heart failure did not remain signi®cantly associated with cases in the multiple logistic regression analysis of the present study, but as with smoking history, this may have been due to the relatively small number of cases involved and low statistical power to detect such an association. The sample size was smaller than planned because two thirds of those diagnosed as having pneumonia based upon history and physical exam had no in®ltrate on chest radiograph. This in turn resulted in a lower statistical power than planned (i.e., 88% power to detect a signi®cant dierence with an alpha value of 0Á05 between a prevalence rate of 12% in cases and 2% in controls). This power calculation applies to a univariate statistical test, however. Power for detecting statistical signi®cance in such a dierence in multivariate analysis after adjusting for other signi®cant dierences would be still lower.
It should be noted that the present study occurred during a year in which very few Mycoplasma pneumoniae infections were diagnosed (28) . This disease occurs with a dierent epidemiology more as a contagious disease among young adultsÐin marked contrast to the types of bacterial pneumonia that predominated in this study (39, 40) .
The results of the present study suggest that the human lung is compromised by age and by cigarette-induced chronic lung disease and thereby predisposed to episodes of acute bacterial pneumonia. Both of these factors are biologically plausible as the rate of mucociliary cleansing of the respiratory tract is diminished both with age and with cigarette smoking (41) . Smoking appears to be the major avoidable risk factor for acute, community-acquired pneumonia in adults. 
